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then added, culminating in an atomic
model (schematically represented in
Figure 2E) that fits all available data regard-
ing the topology and structure of theSin re-
combination complex. Importantly, the
complex traps three negative supercoils
and positions the DNA segments at the
crossover site (site I) in the correct configu-
ration to generate singly linked deletion cir-
cles upon DNA strand exchange. DNA ex-
change (Figure 2F) is accomplished by
a 180 rotation of a pair of subunits about
a largely flat and hydrophobic interface
created upon formation of the activated
tetramer (Dhar et al., 2004; Li et al., 2005).
The model of the 350 kDa Sin re-
combination complex beautifully demon-
strates how regulatory and catalytic sub-
units collaborate with architectural (DNA
bending) proteins and DNA supercoiling
to generate a tightly interwound nucleo-
protein complex. There are no direct
interactions between the DNA bending
protein and Sin, consistent with the ob-
servation that HU/IHF proteins from a va-
riety of sources function effectively. In the
Tn3/gd reactions, it seems likely that the
resolvase dimers bound at site II (Figure 1)
may also be performing a strictly architec-
tural role in the assembly of a similar syn-
aptic complex structure. Residues 52 and
54 from proximal subunits bound to sites I
and II in the Sin model are not close
enough to interact. However, Mouw
et al. (2008) argue that conformational ad-
justments in the linker regions of the pro-
teins and DNA segments could enable
these residues to contact each other.
How these specific interactions modulate
the activity of the catalytic subunits bound
at site I remains to be determined.
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In this issue of Structure, Courtemanche and Barrick (2008) describe the role of helical capping motif in
nucleating the folding of leucine-rich repeat (LRR) domains.Nearly 20% of the human genome en-
codes repeat proteins which are made
up of 20–40 amino acid repeats. The leu-
cine-rich repeat (LRR) domain is one
such domain formed from tandem arrays
containing a leucine-rich consensus se-
quence (Figure 1; Marino et al., 1999).
The repeat contains a b strand and loop
usually followed by a 310 helix. The
b strands of each repeat stack to form
a parallel b sheet in the domain. Variable
sequences connecting the consensus
provide functional diversity for binding.
LRR domains mediate macromolecular
interactions in processes as diverse as
bacterial invasion of host cells, the plant
immune response, and inhibition of RNA
binding. The LRR domain of Internalin B(InlB) is critical for the pathogenesis of
Lysteria monocytogenes by binding to
the hepatocyte growth factor receptor
and activating the Ras-MAP kinase path-
way (Marino et al., 2000). Sea lampreys
have even evolved a primitive immune
system based on the LRR domain scaf-
fold (Binz et al., 2005). Designed proteins
based on the LRR consensus sequence
have been successfully produced and
some of these show excellent inhibitory
properties. The design not only incorpo-
rates the consensus sequence but also
requires careful attention to the ‘‘cap-
ping’’ domain (Stumpp et al., 2003). De-
spite the tremendous utility and versatility
of LRR domains, little is known about how
they fold and what controls their foldedStructure 16, May 200stability. Barrick and coworkers have
brought the field several years ahead in
one single study, published in this issue
of Structure (Courtemanche and Barrick,
2008).
Two main experimental approaches
have been used to determine the folding
landscapes of repeat proteins: dissection
and mutation. In dissection, repeats are
eliminated one at a time and the folding
of the domain in the absence of one or
more repeats is measured. Barrick and
coworkers used this approach to define
the energy landscape of the ankyrin re-
peat domain of Notch (Mello and Barrick,
2004). A more subtle approach is to intro-
duce mutations that remove an interac-
tion either within or between repeats. If8 ª2008 Elsevier Ltd All rights reserved 655
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Previewsthe mutation destabilizes the folded state
just enough (typically by approximately
1 kcal/mol), it is possible to measure the
kinetics of unfolding and refolding and to
determine the effects of the mutation on
the transition state for the folding reaction.
This ‘‘phi-value’’ approach has been used
to show that some repeat proteins fold
along a single preferred pathway (Bradley
and Barrick, 2006), while others may fold
along parallel routes (Lowe and Itzhaki,
2007a). Theoretical studies of the folding
landscapes of repeat domains show that
subtle energetic differences play a huge
role in whether the landscape is domi-
nated by a single pathway or not (Ferreiro
et al., 2005). The interpretation of phi-
value analysis is much more straightfor-
ward if folding proceeds via a single
transition state, which is the case for the
LRR domain of InlB, allowing for a beauti-
ful phi-value analysis of the LRR domain
of InlB in the present study (Courte-
manche and Barrick, 2008).
Theoretical and experimental explora-
tion of the folding landscapes of repeat
proteins has shown, somewhat surpris-
ingly, that they fold in a highly cooperative
manner. This is due to the precise balance
of interaction energies within and be-
tween repeats such that folding of an indi-
vidual repeat is energetically unfavorable,
whereas formation of interrepeat inter-
faces is highly favorable. Thus, folding is
initiated only when two adjacent repeats
fold forming a favorable interface. Once
this activation energy barrier, which is
dominated by a large unfavorable en-
tropy, is surpassed, folding proceeds
rapidly, via a ‘‘nucleation-propagation’’
mechanism. It is not easy to define how,
where, and why nucleation occurs in
these highly repetitive domains. For an-
kyrin repeat domains, folding has been
shown to nucleate at the ends in some
proteins (Lowe and Itzhaki, 2007a) and in
the middle in others (Bradley and Barrick,
2006). Furthermore, mutations readily al-
ter the nucleation site (Lowe and Itzhaki,
2007b). Barrick and coworkers show
that folding of InlB is nucleated with the
N-terminal capping domain. Mutations
in the N-terminal capping domain and
LRRs 1 and 2 slowed folding, but the un-
folding rate was unaffected. Mutations
in the fourth through seventh LRRs had
the opposite effect: the folding rate was
unaffected whereas unfolding proceeded
more quickly, consistent with the destabi-
lizing nature of the mutations. Mutations
in the third LRR slowed the folding rate
and increased the unfolding rate. These
results clearly define a nucleation-propa-
gation folding mechanism starting at the
N-terminal capping domain and proceed-
ing toward the C terminus. As with other
repeat domains, it appears that the transi-
tion state consists of the minimal stable
unit of three repeats (Ferreiro et al., 2005).
It is fascinating to speculate about why
nearly all LRR domains contain a helical
capping motif. Capping motifs in repeat
proteins are thought primarily to ‘‘cover’’
left-over hydrophobic surfaces to prevent
aggregation; however, the results pre-
sented here suggest another function
for the LRR cap. Folding of helical do-
mains generally proceeds much more
quickly than that of b sheet domains, so
it appears that again topology controls
the folding pathway (Wolynes, 2005). In
fact, without this capping motif, LRRs
wouldprobably foldslowly andviamultiple
routes as is the case for b-trefoil domains
(Chavez et al., 2006). Some LRR domains
have the capping motif at the C terminus,
and it will be interesting to see if these
fold by a C-terminally nucleating pathway.
The phi-value results also highlight an-
other question in repeat protein folding:
what is the folding unit? Repeat protein
folding can be described by one-dimen-
sional models in which each folding unit
has only two states: folded or unfolded.
These models, first described by Ising,
have been used to interpret experimental
repeat protein folding data (Kajander
et al., 2005; Mello and Barrick, 2004).
The Ising models show that folding of
repeat domains is driven by the folding
of two consecutive repeats coupled to
the formation of the interface between
them as already described. The use of
these models to predict and/or interpret
experimental data requires the definition
of what constitutes a folding unit, and
the boundaries between folding units
may not be the same as the boundaries
that have been drawn from repeating
sequences. For tetratricopeptide repeat
(TPR) domains, the folding repeat is the
same as the sequence repeat, but the
situation is not so simple for ankyrin re-
peats (Ferreiro et al., 2008). The results
of the phi-value analysis on the LRR do-
main hint that the sequence definition
may not be the same as the folding defi-
nition for LRRs either. Figure 1 shows the
sequence dependence of the folding
phi-values for the first two repeats. The
phi-values are close to 1 for positions
10, 14, and 18 in each of the repeats,
suggesting that the interactions made
by these residues in the fully folded state
are nearly completely formed in the tran-
sition state. In contrast, the phi-values for
position 12 are significantly lower. Could
it be that residue 12, which is in the vari-
able loop, marks the boundaries of the
folding unit? Theoretical exploration of
all possible folding units is now possible,
and it will be interesting to see what the
LRR folding unit turns out to be (Ferreiro
et al., 2008).
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Transcriptional regulators containing the LytTR-type DNA-binding domain control production of virulence
factors in several bacterial pathogens. In this issue of Structure, Sidote et al. report the crystal structure of
this elusive domain in complex with its DNA target (Sidote et al., 2008).
The recent emergence of ‘‘superbugs,’’
pathogenic bacteria that are resistant to
most commonly used antibiotics, serves
as a painful reminder that the struggle
against bacterial infections is never over.
During most of the 20th century, bacterial
diseases were successfully controlled
through the use of increasingly powerful
antibiotics. This could not last forever,
and in the past several years many bacte-
rial pathogens have developed resistance
to one or more commonly used drugs.
Because drug-resistance genes give
pathogenic bacteria a better chance of
survival, they are under positive Darwinian
selection, which ensures rapid spreading
of these genes in the bacterial population,
e.g., in hospital environments. To make
things even worse, we are running out of
effective antibiotics and there are very
few new ones in the pipeline (Projan and
Bradford, 2007).
One of the goals of the recent efforts in
bacterial genome sequencing was to
achieve a better understanding of the
bacterial cell and harness this under-
standing toward developing new avenues
for fighting bacterial infections. Bacterial
genomes have provided unprecedented
insights and offered a plethora of new
potential drug targets. Our cells lack the
ability to synthesize vitamins, nucleotides,
and certain amino acids. Therefore, there
are many enzymes that are essential for
bacterial growth but are missing in hu-
mans and, hence, could be used as drug
targets. However, genomic data have
also revealed the extreme diversity of
pathogenic mechanisms. Despite the re-
cent progress, we often lack a basic un-
derstanding of what drives bacterial colo-
nization of the host, how bacteria interact
with susceptible tissues, and, most im-
portantly, what factors regulate bacterial
virulence.
One of the most dangerous newcomers
has been MRSA (methicillin-resistant
Staphylococcus aureus), a versatile
Gram-positive bacterium that causes in-
fections of skin, wounds, and soft tissues,
food poisoning and, once it makes its way
into the bloodstream, toxic shock syn-
drome (Foster, 1996). Given thatS. aureus
is part of normal skin microflora, it hardly
makes sense to try killing it in the absence
of infection: this only leads to further
spreading of antibiotic-resistant strains,
such as MRSA. If we only could render
the bacteria harmless by switching off
production of their virulence factors, there
would be much less need for killing the
bugs.
The article by Ann Stock and col-
leagues (Sidote et al., 2008) in this issue
of Structure offers a valuable insight into
the mechanisms of transcriptional regula-
tion of toxin production by some nasty
bacterial pathogens, including the infa-
mous MRSA. Most bacterial transcrip-
tional regulators combine a signal input
(ligand-binding or phosphoryl-accepting)
domain with some version of the DNA-
binding helix-turn-helix (HTH) domain
(Aravind et al., 2005). The external signal
induces a conformational change of the
signal input domain, which affects bind-
ing of the associated HTH domain to its
recognition site(s) on the chromosomal
DNA (Gao et al., 2007). However, viru-
lence of S. aureus and several other
pathogens is controlled by unusual
transcriptional regulators that contain
a non-HTH DNA-binding domain (Nikol-
skaya and Galperin, 2002). This domain
was dubbed LytTR (‘‘litter’’) domain, after
transcriptional regulators LytT (Bacillus
subtilis) and LytR (S. aureus), which
regulate cell wall turnover in the res-
pective bacteria. LytTR-containing pro-
teins have several domain architectures
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